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Growing Interests are being paid for Heavy Ion Cancer Therapy due to 
its high linear energy transfer (LET) and unique dose distribution at the 
Bragg peak with sharp increase of dose in a well-defined depth and the 
rapid dose fall-off beyond that maximum. Therefore lots of heavy ion 
radiotherapy facilities have been under development in Japan and around 
the world. However there is necessity of precise measurement of dose 
distribution for improvement of quality control of heavy ion therapy. 
Current dose measurement and evaluation system used in heavy ion cancer 
therapy has a limitation in spatial resolution less than several millimeters, 
which prevent to evaluate precise dose distribution in irradiation body. Once 
the tumor is localized, the highly precise radiation dose distribution 
measurement, so called micro-dosimetry, is necessary for treating cancer 
with high accuracy minimizing the chances of second cancer or surrounding 
cell damages beyond the targeted tumor. It could be possible to visualize 
three dimensional dose distributions with micro-dosimeter which has 
spatial resolution of several micrometers if we can develop and implement 
highly reliable radio-photoluminescence (RPL) glass dosimeters with size of 
less than millimeters.  
This thesis summarizes a study on the development of 
micrometer-sized radiation dosimeter and scintillator for realizing 
convenient three dimensional dose distribution evaluation method for the 
heavy ion cancer therapy system. A micrometer-sized dosimeter was 
developed based on conventional radio-photoluminescence glass dosimeter 
which has spatial resolution in order of several micrometers. By changing 
the fluorescence centers, differences in center wavelength of RPL was 
observed for different radiation species. RPL glass with copper-doped was 
compared with the conventional silver-doped glass dosimeter. The newly 
introduced RPL glass dosimeter showed an outstanding sensitivity towards 
the different radiation species, which was unable to obtain from the 
conventional RPL glass dosimeter. Hence it showed its future probability of 
application in heavy ion radio therapy as a medical dosimeter as well as a 
personnel dosimeter. It would be beneficial for discrimination of radiation 
qualification to distinguish the influence of the primary charged particle 
beam from the secondary generated photons or electrons. On the other hand, 
a new radiation resistive scintillator was developed with SiAlON phosphors 
for beam monitoring and qualification material for intense primary beam 
irradiation condition. Luminescence properties of SiAlON scintillator was 
compared with conventional ZnS:Ag scintillator in which a better radiation 
tolerance of SiAlON scintillator was confirmed under focused beam 
irradiation. With these new achievements, this research work proposes new 
fundamentals of scintillators and dosimeters which could be utilized in 










































義であると考えられる。                                  
 
           
 
 
 
 
 
